I n this issue of Diabetes, Chen et al. (1) used rodent models of type 1 diabetes and ischemia-induced retinal neovascularization to examine how the lipidlowering drug fenofibrate may prevent progression of diabetic retinopathy. Diabetic retinopathy is the sightthreatening complication of diabetes that causes retinal microvascular dysfunction, which in turn leads to diabetic macular edema (DME), formation of exudate deposits, and microhemorrhages. In the advanced proliferative stage of diabetic retinopathy, neovascularization can result in retinal detachment and blindness. Therapeutic options for diabetic retinopathy have been limited. Until recently, intensive glycemic control, with its risks of hypoglycemic events and increased mortality, was the only known means of reducing the progression of diabetic retinopathy (2, 3) . Laser photocoagulation of the peripheral retinal tissue, intravitreal injection of steroids or vascular endothelial growth factor (VEGF) inhibitors, and vitrectomy can each stabilize or improve vision, but they are all invasive and are associated with various complications. Additional treatment options are needed. An orally available drug that reduces the risk of diabetic retinopathy progression without intensive glycemic control, retinal destruction, or repeated intravitreal injections would be ideal.
Type 2 diabetes is often associated with dyslipidemia characterized by elevated triglycerides, reduced HDL cholesterol, and variable LDL cholesterol. Although statins are clearly beneficial, a residual atherogenic dyslipidemia often remains (4) . Fibric acid derivatives, such as fenofibrate, stimulate the peroxisome proliferator-activated receptor type a (PPARa) and lead to increased fatty acid b-oxidation, thus decreasing plasma triglyceride and LDL cholesterol levels and increasing HDL cholesterol levels (5). This makes fibrates, in combination with statins, a logical treatment for diabetic dyslipidemia. Recent large-scale clinical studies, including the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) and Action to Control Cardiovascular Risk in Diabetes (ACCORD) studies, examined the effects of fenofibrate on cardiovascular risk and diabetes complications in type 2 diabetes. Although fenofibrate failed to affect visual acuity measures, both studies showed that the drug reduced the risk of developing severe diabetic retinopathy by approximately one-third (6,7). These findings have resulted in recommendations that fenofibrate be used as an adjunct treatment for type 2 diabetic patients with nonproliferative diabetic retinopathy (8, 9) .
Further evaluation of fenofibrate's impact on diabetic retinopathy progression and its mechanism of action are needed. Fenofibrate may affect diabetic retinopathy either indirectly by lowering plasma free fatty acid and triglyceride levels or directly by activating retinal PPARa (Fig. 1 ). PPARa agonists influence cellular physiology in many ways that might prove beneficial in diabetes complication-prone tissues (for a recent review, see ref. 10 ). In particular, fenofibrate provokes direct PPARa-dependent actions on inflammatory gene expression by inhibiting proinflammatory transcription factors, including nuclear factor-kB (NF-kB) (10) . Relevant to the reduced risk of macular edema in diabetic retinopathy is the observation that fenofibrate inhibits endothelial cell layer permeability caused by oxygen-glucose deprivation in a PPARa-dependent manner (11). Chen et al. (1) examined the effects of fenofibrate on vascular leakiness in type 1 diabetic rat and mouse models. They found that orally administered fenofibrate abrogated diabetes-induced vascular permeability. Supplemental data suggest that the effect of fenofibrate was not accompanied by significant changes in plasma triglyceride levels. To determine whether fenofibrate acted directly on the retina, they administered the drug by intravitreal injection and found similar effects on vascular permeability. The ability to inhibit permeability coincided with the inhibition of diabetes-induced vascular adherence of leukocytes (leukostasis), as well as decreased expression of NF-kB, monocyte chemoattractant protein (MCP)-1, and intracellular adhesion molecule (ICAM)-1 in the diabetic retina. These results support earlier studies showing that fenofibrate inhibits cytokineinduced NF-kB activity, MCP-1, and ICAM-1 expression, as well as monocyte adhesion in endothelial cultures (12) (13) (14) (15) . Although there is no conclusive evidence for leukostasis as the direct cause of increased retinal vascular permeability in diabetic retinopathy, the results suggest that antiinflammatory effects of fenofibrate diminish monocyte attraction and adherence to the retinal endothelium, thus preventing vascular damage and leakiness.
There is precedent to suggest that fenofibrate could also inhibit neovascularization in proliferative diabetic retinopathy by acting directly on endothelial cells. In previous studies, fenofibrate reduced endothelial cell expression of VEGF receptor 2 and hindered the migration of endothelial (1) are likely to heighten interest in fenofibrate as an adjunct therapy in diabetic patients. In particular, the direct mechanisms potentially explaining fenofibrate's ability to prevent vascular dysfunction in diabetic retinopathy suggest a mode of action that is independent of systemic fatty acid oxidation. Fenofibrate might prove beneficial in the absence of hypertriglyceridemia or dyslipidemia, and its efficacy may not correlate with the normalization of these biomarkers. Their results also suggest that the drug may be efficacious in type 1 diabetes as well as type 2 diabetes patients. The data presented in this new report indicate that fenofibrate's direct anti-inflammatory effects are key to vascular protection in diabetic retinopathy. Future studies will need to examine how fenofibrate blocks the expression or activation NF-kB and confirm that the expression of chemoattractants and cellular adhesion molecules in the diabetic retina are primarily directed by this transcription factor. Toward the former issue, fenofibrate was previously found to inhibit endothelial NF-kB activation through stimulation of AMP-activated protein kinase (AMPK) (13, 18) . Further studies will also need to determine the mechanism by which fenofibrate prevents ischemia-induced HIF-1a and VEGF expression. One previous study (19) included supplementary data showing that fenofibrate diminished the basal expression of VEGF by tumor cell lines. Incongruously, other studies found AMPK to be necessary for upregulation of HIF-1a in response to hypoxia and demonstrated that fenofibrate increased endothelial cell VEGF expression in an AMPK-dependent manner (20, 21) . These studies demonstrate the need to examine the effect of fenofibrate on vitreous levels of VEGF in diabetic retinopathy patients and to determine if fenofibrate influences the efficacy or required frequency of anti-VEGF treatments for diabetic retinopathy. Regardless of the precise mechanism of action, it was serendipitous that an oral therapeutic agent targeting systemic fatty acid metabolism was associated with the decreased risk of diabetic retinopathy progression, seemingly due to the direct actions of the drug within the diabetic retina. This development highlights the utility of complementary clinical and basic science research to facilitate advances in diabetic retinopathy treatment.
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